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Abstract
Modular symmetries have been impeccable in neutrino and quark sectors. This motivated us,
therefore, to propose a variant of scotogenic model based on modular A4 symmetry to realize the
neutrino mass generation at one-loop level through radiative mechanism. Alongside, the lepton
flavour violating process µ → eγ and the muon g − 2 anomaly are also addressed. The lightest
Majorana fermions turn out to be potential dark matter candidates, made stable by suitable
assignment of modular weights. The relic density of the same has been computed with annihilations
mediated by inert scalars and new U(1) gauge boson.
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I. INTRODUCTION
Various experimental observations over the last few decades have conclusively established
the robustness of the Standard Model (SM). Nonetheless, there are a few issues demonstrat-
ing the presence of physics beyond the SM, for example, the nature and existence of dark
matter (DM) [1–6], small but non-vanishing neutrino masses [7–9], observed baryon asym-
metry of the Universe [10–14], origin of flavor structure, etc. Therefore, apprehending the
nature of physics beyond the standard model (BSM) gets inescapable, and in this context,
symmetry is assumed to play a significant role, e.g., ensuring the appropriate mechanism
for achieving the tiny neutrino masses, stability of DM, confining flavour structure, and so
on. It is thus, intriguing to build models beyond the SM adopting new symmetries.
The Scotogenic model, proposed by Ma [15, 16] is probably the simplest model that
generates the small neutrino masses at one-loop level and also simultaneously accounts for
the dark matter (both inert scalar and fermionic), see for example a legion of works in the
literature [17–22] and references therein. Various other works have realized neutrino mass
at one-loop [23–27]. Further, the pioneering work of introducing modular flavor symmetries
to quark and neutrino sectors is seen in the literature of [28–30] to highlight predictable
flavor structures. The basic idea behind using the modular symmetry is either to nullify
or minimize the necessity to include flavon fields other than modulus τ . Some of the ef-
fective models based on modular symmetry of recently published papers [31–34] justify the
statement above. The breaking of flavor symmetry takes place when this complex modulus
τ acquires VEV. The main issue of the perplexing vacuum alignment is avoided, the only
requirement is a certain kind of mechanism which can fix the modulus τ . Resultantly, this
has prompted a restoration of the possibility that modular symmetries are symmetries of
the extra dimensional space-time with Yukawa couplings dictated by their modular weights
[35] hence, transform systematically under this framework, where there is a functional de-
pendence of these couplings on modular forms, which verily are holomorphic function of τ .
To put it in a different way, these couplings come to pass under a non-trivial representation
of a non-Abelian discrete flavor symmetry approach [32], to such an extent that it can re-
munerate the utilization of flavon fields, which undoubtedly are not required or limited in
understanding the flavor structure. In reference to above, it was fathomed that there are
numerous groups accessible i.e., basis characterized under modular group of A4 [30, 36–41],
S4 [42–46], A5 [47, 48], larger groups [49], various other modular symmetries and double
covering of A4 [27, 50–52], predictions regarding masses, mixing [53, 54], and CP phases
distinctive to quarks and/or leptons are made.
This paper contains, minimal scotogenic model [55–64], constructed, based on modular A4
symmetry in which mass generation for neutrinos is done at one-loop level and it also provides
a stable DM candidate. A minimal Scotogenic model can be appreciated by using modular
forms having higher weights, which have a dependence on weight-2 triplet Yukawa couplings.
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Thus, field contents and model’s structure are much simpler than previous models [65, 66].
Our model encompasses two different sets of SM singlet heavy neutrinos i.e., NRi & SLi,
(i = 1, 2, 3), which transform as triplets under A4, with modular weight kI = −1 and kI = 1
respectively. Likewise, the inert Higgs doublet is allocated a non-zero modular weight as
kI = −2. Interestingly, modular weights help in impersonating the additional Z2 symmetry,
hence, it is not necessary to use Z2 symmetry for constructing scotogenic model and realizing
the stability of DM.
The layout of this paper is as follows. In Sec. II we outline our model framework with
discrete A4 modular flavor symmetry and its appealing feature resulting in simple mass
structure for the charged and neutral leptons with two types of sterile neutrinos. We then
provide a brief discussion on the generation of light neutrino masses and their mixing in
Sec. III. In Sec. IV numerical correlational study between observables of neutrino sector
and input model parameters is established. Comments on lepton flavour violating decays
µ→ eγ decays and muon g−2 anomalies are presented in Sec.V. Further, Sec. VI comprises
the discussion on fermionic dark matter followed by our conclusions in Sec.VII.
II. MODEL FRAMEWORK
Here, we take the privilege of introducing the model framework, investigating the impact
of A4 modular symmetry on neutrino and dark matter phenomenology. The SM particle
spectrum is enriched with three right-handed (NR) and three left-handed heavy fermions
(SL) to meet the purpose. We impose a local U(1)X symmetry to avoid certain unwanted
interactions and a scalar singlet ρ to break it spontaneously. The scalar sector is extended
with an inert scalar doublet η, to realize neutrino mass at one-loop. The assigned modular
weight mimics Z2 symmetry by playing a vital role in forbidding the neutrino mass at tree-
level and also in stabilizing the fermionic dark matter. The representation of different fields
of the model under SU(2)L × U(1)Y × U(1)X × A4 symmetries and their modular weights
are given in the Table I. In addition, the non-trivial transformation of Yukawa and scalar
couplings and their modular weights are furnished in Table II.
The scalar potential of the model is given by
LV = µ2H(H†H) + λH(H†H)2 + µ2ρ(ρ†ρ) + λρ(ρ†ρ)2 + λHρ(H†H)(ρ†ρ) + ληζ2(η†η)2
+λ′η
[
µ2η(η
†η) + ζ3(H†H)(η†η) + ζ4(H†η)(η†H) +
ζ5
2
((H†η)2 + H.c)
+ζ6(η
†η)(ρ†ρ)
]
. (1)
Here, H =
(
0 (v + h)/
√
2
)T
is the SM Higgs doublet, η =
(
η+ (ηR + iηI)/
√
2
)T
denotes
the inert doublet and the complex scalar ρ = 1√
2
(vρ+hρ+ iAρ) breaks the U(1)X local gauge
symmetry spontaneously. The mass mode of Aρ is eaten up by the U(1)X associated gauge
boson Z ′, attains the mass MZ′ = gXvρ. In the above potential, ζi’s are the free parameters
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Fermions Scalars
eR µR τR LL NR SL H η ρ
SU(2)L 1 1 1 2 1 1 2 2 1
U(1)Y −1 −1 −1 −12 0 0 12 12 0
U(1)X 1 1 1 1 1 0 0 0 1
A4 1 1
′ 1′′ 1, 1′′, 1′ 3 3 1 1 1
kI −1 −1 −1 −1 −1 1 0 −2 0
TABLE I: Particle content of the model and their charges under SU(2)L × U(1)Y × U(1)X × A4,
where kI is the modular weight.
Couplings A4 kI
Y = (y1, y2, y3) 3 2
λη 1 8
λ′η 1 4
TABLE II: Transformation of the Yukawa and quartic couplings under A4 symmetry and their
corresponding modular weights.
and the scalar coupling λ′η is the singlet representation of A4 with modular weight 4, which
can be expressed in terms of the components of weight-2 triplet Yukawa couplings [29],
λ′η = y
2
1 + 2y2y3. (2)
For simplicity, we avoid H − ρ mixing i.e., λHρ = 0. The mass spectrum of scalar sector [67]
can be written as follows:
M2h = 2λHv
2,
M2ρ = 2λρv
2
ρ,
M2η± = λ
′
η
[
µ2η + ζ3
v2
2
+ ζ6
v2ρ
2
]
,
M2ηR,ηI = λ
′
η
[
µ2η + (ζ3 + ζ4 ± ζ5)
v2
2
+ ζ6
v2ρ
2
]
. (3)
In order to construct a simplified version of charged leptons mass matrix, left-handed
doublets (i.e., three generations (LeL , LµL , LτL)) are considered to transform as 1,1
′′,1′ re-
spectively under the A4 symmetry with assignment of modular weight, kI = −1 for each
generation. Analogously, the right-handed charged leptons (eR, µR, τR) transform under A4
as 1,1′,1′′, and carry a modular weight, kI = −1. The SM Higgs is uncharged under the
new symmetries, to make the scenario a bit simplistic.
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The charged leptons interaction Lagrangian is given by
LM` = yee` LeLHeR + yµµ` LµLHµR + yττ` LτLHτR + H.c.. (4)
The mass matrix for charged leptons achieves a diagonal structure, following, the spon-
taneous breaking of electroweak gauge symmetry. Moreover, one can obtain the observed
masses for the charged leptons by adjusting the Yukawa couplings. Hence, the obtained
mass matrix is represented as follows
M` =
yee` v/
√
2 0 0
0 yµµ` v/
√
2 0
0 0 yττ` v/
√
2
 =
me 0 00 mµ 0
0 0 mτ
 , (5)
where me, mµ and mτ are the observed charged lepton masses.
A. Dirac and pseudo-Dirac interaction terms for the neutrinos
The right (left) handed heavy fermions contrary to SM leptons are considered as triplet
under A4 modular group with a U(1)X charge of 1(0) and modular weight kI = −1(+1).
The usual Dirac interactions of neutrinos with SM Higgs can not be defined with aforesaid
charges. The introduction of modular Yukawa couplings with transformation represented in
Table II along with inert scalar doublet η are necessary to write such interactions. Moreover,
the Yukawa couplings Y (τ) = (y1(τ), y2(τ), y3(τ)), are expressed in terms of Dedekind eta-
function η(τ) and its derivative, as discussed in (Appendix of [29]). Hence, the invariant
Dirac interaction Lagrangian, which involves the active neutrinos along with the right and
left-handed heavy fermions, can be represented in the following forms:
LD = αDLeL η˜(Y NR)1 + βDLµL η˜(Y NR)1′ + γDLτL η˜(Y NR)1′′ + H.c., (6)
LLS =
[
α′DLeL η˜(Y S
c
L)1 + β
′
DLµL η˜(Y S
c
L)1′ + γ
′
DLτL η˜(Y S
c
L)1′′
] ρ
Λ
+ H.c.. (7)
Adjacently, the A4 and U(1)X symmetric charges for heavy fermions are imposed in such a
way that their usual Majorana mass terms are forbidden. However, the mixing between the
additional leptons are allowed, which can be written as follows [41]
LMRS =
[
αNSY (SLNR)symm + βNSY (SLNR)Anti−symm
]
ρ† + H.c.
= αNS
[
y1(2S¯L1NR1 − S¯L2NR3 − S¯L3NR2) + y2(2S¯L2NR2 − S¯L1NR3 − S¯L3NR1)
+y3(2S¯L3NR3 − S¯L1NR2 − S¯L2NR1)
]
ρ† + βNS
[
y1(S¯L2NR3 − S¯L3NR2)
+y2(S¯L3NR1 − S¯L1NR3) + y3(S¯L1NR2 − S¯L2NR1)
]
ρ† + H.c. (8)
Here, αNS and βNS represent free parameters, the first term in (8) is symmetric and
second term is anti-symmetric product for S¯LNR making 3s and 3a representations of A4.
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Using 〈ρ〉 = vρ/
√
2, the resulting mass matrix is found to be
MRS =
vρ√
2
αNS
3
 2y1 −y3 −y2−y3 2y2 −y1
−y2 −y1 2y3
+ βNS
 0 y3 −y2−y3 0 y1
y2 −y1 0

 . (9)
The mass matrix for the six heavy leptons, in the basis (NR, SL)
T , can be given as
MHf =
(
0 MRS
MTRS 0
)
, (10)
which upon diagonalization provides three doubly degenerate mass pairs (Mk) and the dig-
onalization of MRS with a simplified form is discussed in [41].
III. RADIATIVE NEUTRINO MASS
νL νL
ηR(ηI) ηR(ηI)
〈H〉 〈H〉
SL NR
FIG. 1: Radiatively generated neutrino mass.
Since, the usual Dirac mass terms of neutrinos with SM Higgs are forbidden by the
assigned symmetries, one can generate light neutrino masses at one-loop level and the cor-
responding Feynman diagram is displayed in Fig 1.
The expression of the neutrino mass from one loop radiative corrections is written as
(Mν)ij =
∑
k
(YD)ik(YLS)jk
16pi2
[
M2ηR
M2ηR −M2k
ln
M2ηR
M2k
− M
2
ηI
M2ηI −M2k
ln
M2ηI
M2k
]
. (11)
Here, Mk is the mass of the heavy fermion inside the loop, YD and YLS are the Yukawa
coupling matrices correspond to the interaction of neutrinos with NR and SL respectively
and are given by
YD =
 αD 0 00 βD 0
0 0 γD

 y1 y3 y2y2 y1 y3
y3 y2 y1

LR
. (12)
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YLS =
vρ
Λ
√
2
 α′D 0 00 β′D 0
0 0 γ′D

 y1 y3 y2y2 y1 y3
y3 y2 y1

LS
. (13)
The mass matrix in eqn.(11), can be reduced to the simplified form as follows with the
assumption M2k  m20, where m20 = (M2ηR +M2ηI )/2.
(Mν)ij =
ζ5λ
′
ηv
2
16pi2m20
∑
k
(YD)ik(YLS)kjMk, (14)
where, we have used M2ηR −M2ηI = ζ5λ′ηv2. When specific mass ranges are considered for
mηR , mηI and Mk, this formula helps to generate both linear seesaw and inverse seesaw
[68–70]. The neutrino mass matrix (14) is numerically diagonalized through the relation
U †MU = diag(m21,m22,m23), where M = MνM†ν and U is an unitary matrix. Thus, the
neutrino mixing angles can be extracted from the matrix elements of the diagonalizing
matrix U , through the generic expressions:
sin2 θ13 = |U13|2, sin2 θ12 = |U12|
2
1− |U13|2 , sin
2 θ23 =
|U23|2
1− |U13|2 . (15)
Next, we attempt to determine the Jarlskog invariant (JCP ) as well as the effective Majorana
mass parameter (〈mee〉) through the following relations:
JCP = Im[Ue1Uµ2U
∗
e2U
∗
µ1] = s23c23s12c12s13c
2
13 sin δCP . (16)
〈mee〉 = |mν1 cos2 θ12 cos2 θ13 +mν2 sin2 θ12 cos2 θ13eiα21 +mν3 sin2 θ13ei(α31−2δCP )|.
(17)
IV. NUMERICAL ANALYSIS
For constraining the model parameters, we use the current 3σ limit on neutrino mixing
parameters for normal ordering (NO) from global-fit [71–73], which are given as
∆m2atm = [2.431, 2.622]× 10−3 eV2, ∆m2sol = [6.79, 8.01]× 10−5 eV2,
sin2 θ13 = [0.02044, 0.02437], sin
2 θ23 = [0.428, 0.624], sin
2 θ12 = [0.275, 0.350]. (18)
The model parameters are so chosen, as to fit the current neutrino oscillation data given in
Eqn. (18), as follows:
Re[τ ] ∈ [1, 2], Im[τ ] ∈ [1, 2], {αD, βD, γD} ∈ [0.1, 1.0], {α′D, β′D, γ′D} ∈ [0.1, 1.0],
αNS ∈ [0.1, 0.5], βNS ∈ [0.05, 0.1], vρ ∈ [103, 104] GeV, Λ ∈ [104, 105] GeV.
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The parameters used are randomly looked over the above mentioned ranges and the allowed
regions for those are first constrained by the observed 3σ range of solar and atmospheric
mass squared differences and further restricted by the observed sum of active neutrino masses∑
imi < 0.12 eV [9, 74]. Furthermore, the range of modulus τ helps in validating the model
with experimental results of neutrino masses (NO) is found to be 1 . Re[τ ] . 2 and 1
. Im[τ ] . 2. Hence, a very narrow range is satisfied by the modular Yukawa couplings,
which are functions of τ (please refer Appendix of [29]) and their regions of validation are
found as: 0.99 . y1(τ) . 1, 0.1 . y2(τ) . 0.75 and 0.1 . y3(τ) . 0.25. The behaviour of
Yukawa couplings with respect to real and imaginary parts of τ are illustrated in the left
and right panels of Fig. 2 respectively. Proceeding further, Fig. 3 depicts the alteration
of the sum of total neutrino masses with the mixing angles abiding to the 3σ regions. As
mentioned in Sec. III, Fig. 4, helps us to have a glimpse of how Jarlskog CP invariant
fits in the whole scenario, and found to be of the order of O(10−2), its connection with
the reactor mixing angle is depicted in the left panel. The right panel of Fig. 4, expresses
the complete parameter space for Yukawa couplings abiding to the sum of active neutrino
masses. Advancing further, the effective neutrino-less double beta decay mass parameter
mee is found to have its value as 0.06 eV as seen from the left panel of Fig. 5, and the right
panel of Fig. 5 shows the interdependence of Jarlskog invariant with sum of active neutrino
mass. As, here we are using a A4 singlet coupling with kI = 4 (λ
′
η), expressed in terms of
Yukawa couplings i.e., triplet under A4 with kI = 2, hence we explicitly show its correlation
i.e., λ′η with y1 (left panel) and λ
′
η with y2, y3 (right panel) of Fig.6.
y1 y2 y3
1.0 1.2 1.4 1.6 1.8 2.0
0.0
0.2
0.4
0.6
0.8
1.0
Re τ
y 1
,y
2,
y 3
y1
y2
y3
1.0 1.2 1.4 1.6 1.8 2.0
0.0
0.2
0.4
0.6
0.8
1.0
Im τ
y 1
,y
2,
y 3
FIG. 2: Left panel indicates the interdependence of the modular Yukawa couplings (y1, y2, y3) with
the real part while right panel presents the imaginary part of modulus τ .
V. COMMENT ON LFV DECAY (µ→ eγ) AND MUON g − 2 ANOMALY
The quest in looking for lepton flavour violating decay mode µ→ eγ plays an exception-
ally pivotal role in the hunt for new physics beyond the SM. Many experiments are looking
8
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∑mν>0.12 eV (Excluded region)
0.20 0.25 0.30 0.35 0.40
0.00
0.05
0.10
0.15
sin2θ12
∑m i[
eV
]
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]
FIG. 3: Top left panel represents the interdependence of Σmi with sin
2 θ13, and sin
2 θ12 while the
panel below displays its dependence on sin2 θ23.
0.000 0.005 0.010 0.015 0.020 0.025 0.030
-0.005
0.000
0.005
sin2θ13
J C
P
y1y2y3
0.0 0.2 0.4 0.6 0.8 1.0
0.00
0.02
0.04
0.06
0.08
y1, y2, y3
∑m i[
eV
]
FIG. 4: Left panel makes an interdependence relation between the Jarlskog invariant with the
reactor mixing angle while right panel reflects the alteration of sum of active neutrino masses with
the modular Yukawa couplings.
for this decay mode with great effort for an improved sensitivity, and the current limit on
its branching Br(µ→ eγ) < 4.2× 10−13 is from MEG collaboration [75]. Also the measured
muon anomalous magnetic moment shows around 3σ discrepancy with its SM predicted
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0.00
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0.08
0.10
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m
ee
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0.00 0.02 0.04 0.06 0.08 0.10 0.12
-0.004
-0.002
0.000
0.002
0.004
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J C
P
FIG. 5: Left panel above depicts the interdependence of effective neutrino mass of neutrinoless
double beta decay with the sum of active neutrino masses, while, right panel shows the relation of
Jarlskog invariant with sum of active neutrino masses.
y1
0.996 0.998 1 1.002
0.95
1.00
1.05
y1
λ' η
y2y3
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
0.95
1.00
1.05
y2, y3
λ' η
FIG. 6: Left (Right) panel displays the correlation between λ′η, which is an A4 singlet and having
a modular weight of k = 4, with y1 (y2,y3).
ℓα ℓβ
γ
η±
NR SL
FIG. 7: Feynman diagram expressed here showcase LFV rare decays `α → `βγ and muon g − 2
(α = β = µ) in context of current model.
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value, which is given as [76–79]
∆aµ = a
exp
µ − aSMµ = (26.1± 7.9)× 10−10. (19)
In the present framework, the LFV process µ→ eγ and muon g − 2 occur at one loop level
through standard Yukawa interactions. The Feynman diagram for this is displayed in Fig.
7. The branching ratio for the rare decay `α → `βγ is given as [80]
Br(`α → `βγ) = 3(4pi)
3α
4G2F
|AD|2 × Br(`α → `βναν¯β), (20)
where, GF ≈ 10−5 GeV−2 (i.e. Fermi constant) and α being the electromagnetic fine struc-
ture constant and AD is the dipole contribution, hence, expressed as
AD =
∑
i
(YD)αi (Y
∗
LS)βi g(x)
2(4pi)2M2η±
. (21)
Here, YD and YLS being the Yukawa coupling matrices as shown in eqn.(12) and (13), g(x)
is the loop function, with x =
M2k
M2
η±
, expressed as
g(x) =
1
6
[
1− 2x(3 + 1.5x+ x2 − 3xlogx)
(1− x)4
]
. (22)
For α = β, the Feynman diagram of Fig. 7 will give contribution towards the muon anoma-
lous magnetic moment, given as
∆aµ =
1
16pi2
[
m2µ
M2η±
∑
i
(YD)µµ(Y
∗
LS)µµ g(x)
]
. (23)
The muon g − 2 can also be obtained from the Z ′ and µ mediated loop, which will be
suppressed due to the large mass difference.
In the left and right panels of Fig. 8, we have represented the dependence of the branching
fraction of µ→ eγ and anomalous muon magnetic moment ∆aµ, on the inert charged scalar
mass, which are found to lie within the experimental limits. The variation of µ → eγ
branching fraction and ∆aµ with the modular Yukawa couplings, consistent with neutrino
mass constraints are displayed in Fig. 9.
VI. FERMIONIC DARK MATTER
The model includes six heavy Majorana neutrinos which are doubly degenerate, out of
which two of the lightest mass eigenstates can serve as dark matter candidates, provided
the inert scalar particles are heavier.
Before we move on to DM study, we first diagonalize the Majorana mass matrix of eqn.
9. For simplicity, we assume the coupling of symmetric part is dominant (αNS > βNS).
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10-19
10-17
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10-13
Mη± (GeV)
B
r(μ→
eγ)
1000 2000 3000 4000 5000
5.×10-161.×10-15
5.×10-151.×10-14
5.×10-141.×10-13
5.×10-13
Mη± (GeV)
Δa μ
FIG. 8: The left (right) panel represents the variation of the LFV branching ratio of µ → eγ
process (muon g − 2) with the charged inert scalar mass.
y1y2y3
0.0 0.2 0.4 0.6 0.8 1.0
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y1y2y3
0.0 0.2 0.4 0.6 0.8 1.0
5.×10-161.×10-15
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5.×10-141.×10-13
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Δa μ
FIG. 9: Variation of the µ → eγ branching fraction and muon g − 2 with the Yukawa couplings
exhibited in the left and right panels respectively.
We diagonalize the reduced mass matrix with a TBM rotation and then by the normalized
eigenvector matrix [41]. We have implemented the model in LanHEP package [81] and then
extracted the results from micrOMEGAs [82–84] package.
We wish to compute the relic density for a particular benchmark. We confine our dis-
cussion by fixing αNS = 0.5, vρ = 5 TeV and also the Yukawa couplings in the range
0.1 . y2,3 . 0.25. As we see from Fig. 2, y1 does not vary much and thus, y2,3 dictate the
mass range of DM i.e., ∼ 650 − 950 GeV. Choosing equal values (αDM) for the couplings
αD, βD, γD and α
′
D, β
′
D, γ
′
D, we project the DM abundance as a function of its mass in Fig.
11. The annihilation channels (shown in Fig. 10) with lepton and anti-lepton pair in the
final state in η-portal (t-channel) and Z ′-portal (s-channel), contribute to relic density. One
can see that the s-channel contribution gives resonance on the either side of MDM = MZ′/2,
with MZ′ = 1.6 TeV.
Moving to detection prospects, η and Z ′ have no direct interactions with quarks, hence
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study of tree-level DM-nucleon scattering is not possible. One-loop contribution to DM
scattering off nuclei will be well below experimental upper limits (both spin-independent
and spin-dependent) and do not show any impact on model parameters [85].
ND1,2 f
ND1,2 f¯
η
ND1,2
ND1,2
f
f
Z ′
FIG. 10: Feynman diagrams for t and s-channel annihilation of DM, whose contribution is towards
the relic density.
αDM = 0.1αDM = 0.5αDM = 0.8
650 700 750 800 850 900 950
0.001
0.010
0.100
1
10
MDM [GeV]
Ωh2
FIG. 11: Variation of abundance of fermionic DM as a function of its mass for various values of
couplings. Black horizontal dashed lines stand for the 3σ bound of Planck satellite data [9].
VII. CONCLUSION
In this paper, the main motive of the model is to implement A4 modular symmetry to
see its novelty in neutrino phenomenology through scotogenic framework. We have realized
neutrino mass at one loop level successfully by introducing an inert scalar doublet η (A4
singlet with modular weight −2) and six heavy fermions NR and SL (triplets under A4 with
modular weights −1 and +1 respectively). As we are dealing with A4 modular symmetry,
the Yukawa couplings are defined as A4 triplet (Y ) with modular weight 2, and the scalar
couplings for terms involving η as A4 singlets (λη, λ
′
η) with weights 4, 8 respectively. An
additional U(1)X is imposed to avoid unwanted Majorana mass terms and a complex scalar
singlet ρ is introduced to spontaneously break this local gauge symmetry.
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Modular symmetry not only avoids adding new flavon fields for neutrino phenomenology
but also plays a vital role in ensuring dark matter stability. A particular flavor structure
for the neutrino mass matrix is achieved along with neutrino mixing. We have used the
procedure of numerically diagonalising the neutrino mass matrix and fixed the model pa-
rameters in such a way that they remain compatible with present 3σ range of oscillation
data. Proceeding further, we have established the present model’s contribution towards
lepton flavor violating decay µ → eγ, compatible with upper bound set by MEG collabo-
ration. We also found that the contribution to muon g − 2 anomaly (i.e. ∆aµ) is in the
range of 10−12 − 10−14 satisfying the experimental cut-off. Finally, we have addressed dark
matter phenomenology of the lightest stable fermion spectrum. With stringent bounds on
Yukawa couplings confining dark matter mass, we have obtained the relic density compat-
ible to Planck data for a particular benchmark of values for model parameters. We found
that the annihilations with lepton-anti lepton pair in the final state via η and Z ′ (U(1)X
associated) portal contribute to relic density. Tree-level direct detection is not feasible as
η and Z ′ do not couple to quarks directly. To conclude, A4 modular symmetry stands tall,
providing rich neutrino phenomenology by avoiding the set of flavon fields as used in the
conventional frameworks and also stabilizing dark matter candidate. The present paper
remains an example, discussing the above aspects in the light of modular symmetry.
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